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I. INTRODUCTION 



The possibility of producing high-luminosity photon beams by backscattering laser beams 
from high energy polarized electrons has prompted theoretical investigations suggesting that 
the photon fusion processes 

77- W£W£,Z°Z£, (1) 

can be used to probe the Higgs sector of the standard model [IJ as well as to explore the 
symmetry breaking sector of its non-linear Chiral Lagrangian generalizations D. It has 
also been shown that the photon fusion processes of Eq.([l]) can be used in the search for 
ultraheavy fermions at high energy hadron colliders ||. In either case, the W^"W£ and 
Z® Z® signals receive large contributions from one-loop diagrams containing , Z® and 
Higgs bosons, H 

In this paper, we examine the effect of a strongly interacting Higgs sector on the photon 
fusion by unitarizing the s-wave amplitudes for W£ W£ , Z ° Z® and 7 7 scattering using the 
K- matrix formalism [§,0. It is then possible to increase the longitudinal coupling strength 
A = g 2 m 2 H 1 '8 rriyy by varying ms- Additionally, the Higgs width is introduced in a manner 
which preserves the Goldstone-boson equivalence theorem |6|- [§[ . 



II. UNITARIZATION 



We define the 3 x 3 , J 
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t-matrix as 
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where e = a/2n. The rows and columns of to are labeled by W£ W£ , Z®Z®/ ' \[2 and 
7 7/v^2 , and the Born level partial wave projections a and b are given by pj 
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a = —2" ( 3 ) 

»= -Afi-^Mi + i)) • (4) 
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In Ref. , it is shown that the one- loop 7 7 — > Z® Z® amplitude is proportional to a for 

Tn>w ~* 0- For the 77 — > W£ case, the one-loop correction to the s-wave amplitude is 

also real for —>■ 0, since the Born amplitude vanishes in this limit. However, explicit 

calculations show that the Born term, though proportional to m^, is not negligible for 

interesting values of the 7 7 center of mass energy ^/s. Consequently, the s-wave amplitude 

d is taken to be 

7 „ m 2 w , ( 1 + Pw\ A s 
d = 2 ir — m 



Pw s \ 1 — Pw J 8 7r s — m 2 H 

(5) 

Since we are only interested in effects of order a and a A , we can ignore the photon-photon 

partial wave amplitude / . We also consider the case of photons with helicity A 7 = 1 , 

which is appropriate for the case of backscattered laser photons. 

Including terms through order a 2 , the eigenvectors of the matrix i are 

(V2, 1 y 2 2 xy 1 1 y 2 4 xy 1 y\ 
" ~ W3 { ~ 6 ^ ~ 9 m> ' 7f ( ~ 6 ^ + 9 ^ ' 7! cj ' ( } 

^ 2 Vv^ 3 6 2 9a6 j ' ^ 3 b 2 dab 1, ^3 6 / ' lJ 
. /v^.x y ,2x1?/ I?/ 2 lx 2 \ 

6_ l v ^ ( 6"c ) '" ( 36 + 3c ) ' (1 ~6^~3^ ) J ' (§) 
where c = | a + 5 , x = ~ £ (a — d) and y = | £ (a + 2 d) . It is easy to check that if U is 
the matrix whose columns consist of £1 , £2 and £3, the product U T toU is diagonal. The 
corresponding eigenamplitudes are 

1 v 2 

Ai=c+i^, (9) 
3 c 

2 x 2 

A.= »+3 T , (10) 
2 x 2 1 y 2 



To obtain the i^-matrix unitarized amplitudes, the Aj are replaced by 

A,; - A K A ' 



(12) 



and the diagonal t-matrix is transformed back to the basis of physical states with the aid of 
the matrix U . 



III. RESULTS 



Proceeding in the manner outlined in Sec. 
production of Wl and Zl pairs are 

/ 

4(77- WtWE)= " 



the unitarized s-wave amplitudes for the 
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where we have dropped terms of order a 3 , and removed the symmetry factors associated 
with the identity of the 7's and Z^s. Taking into account the definitions of a , b and d, it 
can be seen that, at the Higgs pole, the unitarized amplitudes introduce a width which is 
equal to the sum of T(H -> W£W£) , T(H -> Z£Zl) and r(ff 77). 

The cross sections obtained from these amplitudes are displayed in Figs. (0-@). For Higgs 
masses of .7 TeV and 1.0 TeV, the cross sections are in good agreement with those of Ref. 
]l||. This is consistent with the situation found for the unitarized gauge boson scattering 
amplitudes @J^]. When mn exceeds a few TeV, the unitarized amplitudes rise less rapidly 
than those presented in Ref. |IJ, and the maximum cross section for large m# is about a 
factor of three smaller. Fig. (^) shows the contribution of the one-loop correction to the 
cross section for 7 7 — > W£ W£ scattering. A comparison of this figure with the result 
for the complete amplitude, Fig.(g), shows that the Born and one-loop amplitudes interfere 
substantially. 



In conclusion, we find that unitarity corrections to the cross sections for 77—* Z® 
and 77^ W^W£ are large for m# > 5 TeV. Nevertheless, in the large m# limit there 
is still a cross section on the order of several femtobarns for either of these processes. This 
implies that searches for ultraheavy fermions which make use of photon fusion [Q] must take 
into account the sources of gauge boson pairs discussed here. 
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FIGURES 

FIG. 1. The s-wave total cross section for 77 —* Z® is plotted for ran = -7, 1.0 andlOTeV. 

FIG. 2. The s-wave total cross section for 77 — > W£ including the Born and one-loop 
contributions is plotted for mjj = .7, 1.0 andlOTeV, with |cos#| < cos(7r/6). 

FIG. 3. Same as Fig.(g) except that only the one-loop contribution is included. 
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